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Modern Design for Band Pass 
Filters Made From Coupled 


Lines 


Nowadays there are many aids avail- 
able to any electronics developer. Even 
for development work in the area of 
high-frequency engineering, there is 
some very powerful software in exist- 
ence, some of which is available with- 
out charge on the Internet. 

The use of modern design and simula- 
tion tools is described below by means 
of examples. 


1. 
Foreword 


Some years have passed since the series 
of articles entitled “Design and realisa- 
tion of microwave circuits” in [1], in 
which this subject was dealt with compre- 
hensively. In the intervening period, the 
options for procuring information and for 
circuit simulation have multiplied greatly. 
Tn addition, the analysis options are more 
precise, thanks to continuous improve- 
ments in the CAD field. 


A “test version” or “student version” of 
almost any modern CAD or simulation 
programs can now be obtained from the 
Internet, including the original manuals, 
which are usually complete textbooks in 
themselves - and mountains of applica- 
tion notes on almost any subject. The real 
problem thus becomes how to make a 
suitable choice. “Know-where and know- 
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how” are also important, for all test 
versions of what are usually very expen- 
sive programs have some kind of limita- 
tions, And theres nothing more irritating 
than to slog away at familiarising yourself 
with a new program and then suddenly 
realise that the program available just 
cant go any further with the problem 
youre working on. 


So the idea here is to demonstrate the 
correct and successful design of stripline 
band-pass filters, together with their im- 
plementation in practise. We shall com- . 
pare not only the procedures but also the 
degrees of success, using the tned and 
tested CAD program “PUFF” (Version 
2.1) and the ultra-modern student version 
of ANSOFT Screnade. 


Zs 
A glance at the technology 


Band-pass filters serve to “separate out” a 
specific desired frequency range, while 
simultaneously suppressing, as far as pos- 
sible, all undesirable signals outside this 
range. The following filter models can be 
considered for the microwave range in 
this context: 

* Waveguide filters (for very high 

powcr levels) 
* Coaxial filters 
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¢ Helix filters 
* Filters made from ceramic 
resonators 
« SAW filters 
* Inter-digital band-pass filters 
* Stnipline filters with coplanar 
structures 
* Microstrip filters made from 
coupled lines 
* Hairpin filters, ctc. 
If we also lay down additional require- 
ments, such as 
* DIY manufacture as simple printed 
circuit board at lowest possible 
cost 
* easily convertible to other 
frequencies without high costs or 
problems 


* no smoothing 
* absolute reproducibility 


then the two last types are usually given 
preference. In this context, hairpin filters 
represent a modified version of the stand- 
ard stripline filter for shortening the 
construction length and increasing the 
edge steepness. The disadvantages of 
larger dimensions must be taken into 
account here. 


—_——# 


ae 
Principles of stripline band pass 
filters made from coupled lines 


Here we are using “coupled lines”, i.e. 
two striplines which are running in paral- 
lel and close together, Due to this running 
together closely in parallel, we obtain not 
only a capacitive coupling (via the clec- 
trical field) {rom one line to the other, but 
also a magnetic coupling. The magnetic 
field of one line induces an electrical 
voltage in the second line and thus 
transfers electrical power. The remark- 
able thing here is that the different waves 
triggered through this coupling from one 
line onto the other are added together in 
only one direction. But in the other 
direction they are in antiphase and try to 
cancel each other. 


This is precisely the behaviour of a 
directional coupler and it is also the main 
applications area for this line structure. 
This behaviour can be used to separate 
forward and return waves in a system! 


However, the description of such a com- 
ponent for simulation can be expanded 
further: 


Due to the fact that some of the waves 
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Fig 1: PCB layout for 16943 MHz Bandpass Filter 


i) 
i) 
so 


Ca 
triggered in the second line are in-phase 
and some are anti-phase, it is necessary to 
specify two different impedance levels, 
namely 
a) the EVEN impedance (or: 
in-phase impedance) and 
b) the ODD impedance (or: 
anti-phase impedance). 


The EVEN impedance level is always 
higher than the system impedance (usu- 
ally 50 2), whereas the ODD impedance 
is essentially lower than the system im- 
pedance used. 


The relationship of the three impedance 
levels to one another always depends on 
the formula 

TS ok 


“EVEN | 


Zopp 

Note: 

As soon as even one impedance is speci- 
fied, many CAD programs react in the 
following way: if the impedance exceeds 
the system impedance, Z, then it is 
indicated as the EVEN impedance, and 
ihe missing ODD yalue its calculated in 
accordance with the above formula - and 
vice versa. 


3.1 Now for stripline band-pass filters 


If several such coupled line pairs, with 90 
degrees of electrical length, are con- 
nected together im series, the line sections 
act as resonators and “the input signal is 
transmitted smoothly from input to out- 
put, only in the range around this fre- 
quency” in this way, the desired band- 
pass behaviour is obtained, Unfortu- 
nately, this is repeated at the odd mullti- 
ples, i.e. for example the triple frequency, 
etc... 


For the practical implementation, see Fig. 
Ls 

If can easily be scen that, in addition to 
the three coupled line pairs, the 50-2 
striplines arc also used as connection to 
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the SMA sockets. The underside of the 
printed circuit board is a continuous earth 
surface. 


4. 

The design path: from the 
standard low-pass to the 
stripline band-pass filter 


4.1 Preliminary work 


The circuit developer is initially faced 
with the following decisions: 


Which type of filter is the correct one? 
The choice will fall. for example, on 
Bessel, Butterworth, or Chebyshev filters. 
Basically: 


Chebyshev filters display ripple in the 
transmission range, but as against that 
they can offer good edge steepness for 
the transition into the filter attenuation 
band. 


If, in contrast, we need better group delay 
behaviour and no ripple in the transmis- 
sion range, we go for Butterworth filters, 
though their edge steepness in the filter 
attenuation band is markedly lower than 
that of the Chebyshev type. 


If the filter has to remain absolutely 
gentle and as smooth as possible at all 
points, that leaves only the Bessel filter. 
Mind you, we pay for this “gentle” 
behaviour with a very “tired” transilion 
from the transmission range to the filter 
attenuation band (in order to keep phase 
distortion as low as possible). Thus, there 
is scarcely any “edge steepness” to speak 
of in the filter attenuation band. 


Then comes the question of the degree of 
filtration, N, which for normal low-pass 
filters directly corresponds to the number 
of components needed. A greater degree 
of filtration brings about steeper edges in 
the filter attenuation band, but in practise 
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the attenuation in the transmission range 
is also increased, due to the greater 
number of components and their losses. 


In practise, the type of filter which is very 
frequently used is the Chebyshev, with N 
between 3 and 5. For this reason, a filter 
from this group is taken as an example 
here. 

The next decision relates to the system 
impedance (usually 50 Q). Moreover, 
especially for Chebyshev filters, the 
maximum passband ripple, the reflection 
factor, clc., must be determined. 


It should be borne in mind that the 


variables: 
* passband ripple (oscillations of 
$21 and / or the transmission loss) 
* reflection factor r 
* voltage standing wave ratio VSWR 
* SII 
* reflection attenuation ar 
are inseparably associated with cach 
other in the Chebyshev type! The follow- 
ing relationships apply here: 
a) Between the reflection factor r and 
the voltage standing wave ratio 
VSWR: 


eas ‘SWR-| 
VSWR +1 
b) Between the reflection factor r and 


the passband ripple (maximum 
transmission loss in dB) 


] 
re tte 5 
al 


c) Between $11 and / or $22, the 
reflection factor r and the reflection 
attenuation ap: 


With correct matching, S11 and / or S22 
correspond precisely to the reflection 
factor of the filter, but are normally 
specified in dB: 


S11 = $22 =20-log|r 


+e 
The reflection attenuation is then simply 


the “negative dB value of S11 or $22”! 
Correctly: 


a= 20:log.—. 
I 

The following summary table (drawn up 
in accordance with the above formula) is 
intended to serve as a small design aid: 


Reflection Reflection S11 Chebyshev 


factor attenuationor Ripple of 
|r| AR $22 Trans 

loss 
50 % 6dB 6dB  1.25dB 
20 % l4dB 14dB 0.177dB 
10 % 20dB -20dB 0.0436dB 
5% 26dB -26dB 0.01dB 
2% 34dB -34dB 0.0017dB 
1% 40dB -40dB 0.00043dB 
0.5%  46dB -46dB 0.0001dB 


(In practise, a maximum reflection factor 
between 5 and 10 % is usually  suffi- 
cient...) 


4.2. Designing a GPS bandpass filter 


A bandpass for GPS with the following 
data is intended to serye as a design 
example: 


Filter type 
Mean frequency 
Lower limiting frequency 


Upper luniting frequency 


Degree of filtration 
System impedance 
Max. reflection factor 
Max. ripple 
Reflection attenuation 
in transmission range 


Chebyshev 

fy = 1575 MHz 
fain 1550 MHz as 
tipple limiting 
frequency 

fax 1600 MHz as 
ripple limiting 
frequency 


jn — 10% 
Aux ~ 9.0436 dB 


Ld 


ac — 20 dB 
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+o 
S11 in transmission range 
if at all possible, less than 


S11 =-20 dB 


The selected reflection factor r = 10% 
gives a maximum ripple of 0.0436 dB in 
the transmission range. 


This means that S21 can fall as low as 
-0.0436 dB, whilst S11 and $22 never 
exceed 20 dB. 


Note: 

The following calculation path is taken 
from the book "Microwave Engineering" 
by David Pozar [5], Page 484. 


Additional note: 

The degree of filtration, N, should always 
be selected to be odd (ic. 3, 5, 7...), 
because only then are the source resist- 
ance and the load resistance identical. 
Apart from this, make sure that the 
number of coupled line pairs is always | 
more than the selected degree of [iltra- 
tion. For N=3, there must thus be four 
line pairs in the layout. 


And now to the individual design 
steps: 


ist step: 

First we need the filter coefficients of a 
single low-pass filter for this case. For 
this we can, for example, use the "faisyn" 
program (obtainable, for example, from 
hitp://www.rfglobalnet.com). 
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The above filler data are entered in 
succession when the program makes the 
corresponding requests, and the option 
"Parallel Capacitor" is selected. Thus the 
following table is finally obtained, with 
the 4 coefficients required for the calcula- 
tion (Fig. 2): 


gl =capl = 0.8532 
g2 = Ind] = 1.1038 
g3 = gl = cap = 0.8532 


normalized load resistance = 1.0 


99 
Acs 
ll 


2nd step: 
Specification of fractional bandwith of 
pass: 


fice — fom 1600-1550 50 


ee = 0.031746 
1575 1575 


3rd step: 
Now we come to the admittance inverter 
constants for the four line pairs: 


Ist line pair: 


— _ 


iz-A  In-0.031746 
Z,°J,=,{—— = | ———_— =0.24175 
¥2-g, ¥ 2-0.8532 
2nd line pair: 
x r-OO317 
y age fae ee _— eee a tistae 
2-J2,-2, 2-¥0.8523-1.1038 


3rd line pair: 


x -0.031746 se 
: =—=Z,-J, =0,05138 
2. ¥1.L038-0.8532 


Normalized Lowpass Prototype Filter Components: 
We=1 rad/sec; Normalized Source Resistance=1 
0.8532 


1.103:0 
B.B532 
Normalized Load Resistance= 2 
Press any key to continue... 


Fig 2: Filter Coefficients fFrom "Faisyn" 
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4th line pair: 


["x-A _ | -0.031746 

Z-d,= jaa 
“15 2°, \2-0.8532-1.00 

4th step: 

The EVEN and ODD impedances of a 

line pair are generally specified in ac- 

cordance with the following formulae: 


Foc SU NER Ip tte SF | 


=Z,-J, = 0.24175 


Fo SGN ~ Ze «41, yy | 
For the first and fourth line pairs 
we obtain: 


Z eve = 50Q- [1+ 0.24175 +0.24175' |= 65Q 


Zopyy = 502+ |l = 0.24175 + 0.24175? |= 40.82 


For the second and third line pairs the 
values are: 


Zevey = 50Q- [1+ 0.05138+0.05138" |= 52.72 


Zp = 502-|1-0.05138+0.05 138? |= 47.560 
5, 
Use of PUFF 


5.1. Simulation of ideal circuit using 
PUFF 


First start "PUFF" And load the SETUP 
file. Then press the "F4" key and enter 
the following values for the Rogers mate- 
rial RO4003: 


with thickness 0.032 

for impedance level zd = 50 Q 

the design frequency fd = 1575 MHz 
the dielectric constant er = 3.38 
board thickness h = 0.813 mm. 


--S - 4 3 Of $33; b sss ro 
iad 58.288 2 
ifd 1.575 GHz 

er 3.388 

h 6.813 mm | 
s 248.688 mm 

ic 56.488 mm 
{Tab microstrip 


Fig i Starting Parameters 


The printed circuit boards size “s” should 
be 200 mm, and 50 mm. is a sufficient 
distance between the connections (Fig. 
3). 

Then move into field “F3” and succes- 
sively enter there the data for the two 
coupled line pairs required. Please trans- 
fer them precisely as shown in Fig. 4! 


F3 : PARTS 
a c 65.66248 .86296 .8° 
b c 52.78247 .56298 .6° 
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Kig 4: Data For Successive Line Pairs 


Press the “F1” key to make the layout 
window appear (Fig. 5). And now please 
pay attention, first move the cursor as far 
to the left as you can. Then press the shift 
key for upper case lettcring and keep 
pressing the “Cursor Left” key until you 
get to the desired location. Press “1” and 
port | is connected immediately. 


Press letter “a” on the keyboard, followed 
by “Cursor Right”. This positions the first 
line pair, Then press “b” and next “Cur- 
sor down”, which connects up line pair 
“py”. 

Now press “Cursor down” again and the 
third pair is already sitting there on the 
screen. Finally press “a”, “Cursor down” 
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Fi : LAYOUT == 


4, > SST ISS 
32 Bank er i 
‘ rm 
alii oes: Ta 


4 i 
Fig 5: PUFF Layout Window 
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axcs of a diagram in the bottom right- 
hand corner (“linear plot”) (Fig. 6). 
Here you pre-sct, for example: 
500 simulation points 
Smith radius = | 
Representaiton of STI and $22 
Horizontal scales in the ratio: 1.5 
1.7 GHz 
Vertical scales in the ratio: -1.00...0 
dB 


And now please press “p”, and you can 
watch the computer at work. If you think 
thats too slow, press “Q”, and then all the 
calculations are done and the image is 


again and then “2” and port 2 is likewise built up'off-screen, and things go consid- 
: ‘ 


connected to the exit of the circuit. 


erably faster! 


Use “F2” to go to the simulation window. f oe ee ane ay 
Using “Cursor Up2 or “Cursor Down” If you look at the result now, youll 
you can move, not just in the top lef, Undoubtedly be a little disappointed: its 
and “Plot window”. Ass. 4 , howhere near a ripple with maximum 
hand “Plot window”, but also along the 0.0436 dB; its bigger by a factor of more 


' F2 : PLOT 
'Points 568 
iSmith radius 1.86 
| f 41.5749 Giz 
|} 9S14 -18,314R-113.6° 
}X821 -.42dB -23.6° 
L 
Tine 8.2 secs i 
pecomes FZ: PARTS soos | Cen 
a c 65.980248 88098 .#° a a | ae 
b c 52.7824? .56298.8° file : setup 
c CR ea, aa ee 
a | P / , “el 
. my / 
e 1\ { \ | j ' 
£ | \ } \ J } 
Q | \ | 
\ \ | | of 
is} | | VY | 
pow 4 2 ROARD oy AaB tf } 
| weet SA.BnA 2 i 
td 1.575 GHz } i 
jer = -3.. 388 } 
th 8.813 mn ' | i Rett 
's 208.808 mm H : | tf i 
ic 8.808 mm 1 f | 
iTab microstrip j 1.80} if Pee ee Geen emer Seek Se 
arate rerenes 1.56 & GHz 1.78 


Fig 6: PUFF Simulation Window 
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= F2 : PLOT pes Fi : LAYOUT caciee al ia ee 
Points 568 ee 
|Smith radius 1.68 H a 
; "Gi <— stimmt S60... ’y 
ogi \ 
x S24 wah f ( | ; \ 
= } Re . ‘i Pa: 
te a hb eo 4 f Pt on ' 
————————_==— | f ‘ Ak ( / 
um 1 Gr d\ f ae, 
=e reduziert| Ow ZY 
a c 65.68244 88289 .4° “SS te 


b c 52.76247 .S6290.8° file : setup 
c a a ORE 3c ETT 
a ae8\ fp NZ wg 
e ! 
f { | 
: | 
h 
i 
se {s] | 

F4 BORD | ab i | 
za Sh.aaH ft | 2 MV HH 
fd 1.577 GHz a | Z 
er 3,998 | ss | 
ih 8.813 mm } ht 
Is 268.408 mm | er | O | 
le 58.886 mm | | 
lTab nicrostrip ht | A _ eee) | 
bo 1.58 f GHz 


Fig 7: PUFF Simulation After Slight Corrections 


than 10 and the value is 0,5 dB. But dont 


worry, we can still get round that. We just 
need to make some very slight correc- 
tions to the line data! 


We need only reduce the electrical length 
of the first and fourth line pairs (part “a” 
in the parts list) by approximately 1 
degree and increase the design frequency 
by 2 MHz in order to obtain the theoreti- 
cal curve (Fig. 7)! 


5.2. Simulation of the real circuit with 
PUFF 


First call up the “SETUP.PUF” file from 
the PUFF directory into a text editor and 
then enter the remaining printed circuit 
board data (thickness of copper layer = 
35 micrometres and surface roughness for 


a strip conductor polished until it gleams 
with grits and grinds or scouring powder 
approximately 2 micrometres. Loss factor 
“It” of board material RO4003 at this 
frequency max. 0.001): 


zd 50,000 Ohms {normalizing impedance. 


fd 1.575 GHz 


O<zd} 
{design frequency. 0<fd} 


er 3.380 {dielectric constant. er>0} 
h 0.813 mm {dielectric thickness. h>O} 
s 200.000mm _ {circuit-board side length. 


c 100,000 mm 


s>0} 
{connector separation. 
c>=0} 


r 0.010 mm {circuit resolution, r>0, use 
Um for micrometres} 

a 0,000 mm {artwork width correction,} 

mt 0.035 mm {metal thickness, use Um 
for micrometres.} 

sr 2.000 Um {metal surface roughness, 
use Um for micrometres.} 

It 1.0E-0003 {dielectric loss tangent.} 
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The amended setup file is loaded back 
into PUFF and then the exclamation mark 
for each pair of coupled lines is entered 
in field “F3”. This switchcs to “realistic 
modeling with all side-effects” (Fig. 8). 
lf we now place the cursor in field “F3” 
on part “a” and enter the equals sign, the 
actual data of the coupled lines are 
immediately faded into the dialogue field 
(Fig. 9). 
Now we have to keep changing the values 
entered under “a” until the data deter- 
mined in the preceding chapter are dis- 
played in the dialogue field: 

Ze = 65 Q 


F3 : PARTS 
a cf65.66246 .86298 .8° 
b cf52.78247 .56298 .B8° 


Fig 8: Switch To Realistic Modeling 


Zo - 40.8 Q 
electrical length 1 = 89 degrees 


It can be seen that to bring this about the 
entry for “a” has to be 


F3 : PARTS 
a ct66.16243 .S6289 .6° 


EEO SI TTT 


Ze: 52.7822 

Zo: 427.5422 

1: 968.811° 
F3 : PARTS 


a c?66.16243 .562893 .6° 
b ct55.65249 26996 .72 
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c! 66.1 QO 43.65 Q 49.6° 


This procedure must be repeated for part 
“b” (Fig. 10). The target is to obtain this 
display in the dialogue field: 


Ze =52.70 
Zo = 47.56 Q 
| = 90 Grad 


For this, finally, we need the entry: 
c! 55.6 Q 49.26 Q 90.7° 


Fig. 11 shows the result of the circuit 
simulation if the losses are taken into 
account. 

The design frequency continues to remain 
at 1577 MHz, but following the simula- 
tion use <Page Down> to move the 
display cursor to 1575 MHz. We now 
have a transmission loss of approximately 
2.5 dB. 


If we correspondingly switch the value 
range in the two axes of the lower 
diagram, we can take another look at the 
long-range selection, i.e. the behaviour in 
the range between | and 2 GHz (Fig. 12). 


5.3. Determination of mechanical. 
uncorrected line data with PLFF 


Fig 9: Data For Part 


Teil "a" 


Fig 10: Data For 
Part "b" 


Teil "b" 
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— F2 : PLOT ==) pe Fi : LAYOUT ==} Tee 
\Points 988 | : eas 
[eaten radius 1.68 3 44 dB Dan Y ypfur a Rey 8 
4.5754 oie: Oe ae \ 
losis -26 .40aB ‘ 1975 MH We 
|XS21 —2.44dB 18.8 bei Z. wee sant ra 
| i : SAS 
L = = er ee . : 
TT } 

| +h 

Vy 

F3 : PARTS 
a 6266.18243 .S62B9.6° 
b cf55.65249.26298.7° file : setup 
c 
d 80! 
e is 
) . 
g | 
h i 
} 4 
95 7 eee = 

f F : BOARD = | ab | 1 oe 
zd = 5S8.80H 2 | | f 
fd 4.577 GHz —_— a 
ler. 3.388 | \.. pif 
h 4.813 mm | | eres 
s 286.648 mm , J 
lc 108.686 mm < oa i 
| Tab so inclds fis 5.88 2 en ee ‘ 
be od 1.58 f GHz 1.78 


Fig 11: Results With Losses Taken Into Account 


In order to get at the dimensions of the 
coupled lines, we move back again into 
field "F3" and delete the call-up sign at 
part "a" behind the letter "c" (for coupled 
lines). As soon as we ey in the equals 
sign behind here, we obtain the desired 
values in the dialogue field (Fig. 13): 


Length | = 29.34 mm 

Width w = 1.59 mm 

Interaction gap s = 0.31 mm 
Repeat this for part "b", ic. the two 
central pairs of coupled lines, and we 
correspondingly obtain Fig. 14: 

Length 1 = 29.15 mm 

Width w = 1.82 mm 

Interaction gap s = 1.84 mm 
Then, as a preliminary to the board 
design, determine the width of the 50 Q 


feed likewise in the same way. It is 
modelled as “lossy transmission line with 


ced 


90 degree length” and, as part “c”, 
supplies a required width, w = 1.84 mm, 
following the deletion of the exclamation 
mark (Fig 15). 


5.4. Necessary layout corrections 


Here we are dealing either with striplines 
open at the end or with the meeting of 
two striplines which are of different 
widths. In both cases, the familiar OPEN- 
END correction is required, due to fring- 
ing, but one peculiarity should be taken 
into account here at the open ends of 
coupled lines: 


The two line pairs are coupled to each 
other both electrically and magnetically. 
It is certainly true that the electrical field 
lines project beyond the open ends of the 
lines (so we need to do some shorten- 
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'Points 568 ! 


fea F200: PLOY eos pene Pd ¢ LAYOUT 
‘Smith waa las: 1. 46 | 


t os 4 Otte, yt RE 
oO Sit i “hie é / a q 
x $24 } t f f | Aa \ 
{ i i ‘ 
= i \; ) \ 
SES: oD | 
ST Re ee if ho 
re | ts { et | 
H \ | pg 
i Pee 
un Sia nis eae Set eel y Ye 7 WA 
F3 : PARTS === x : ee 
a c166.10R43.56R09.6° | bere asd “He [ue 
b 6155 .65249 . 26298 .7° file : setup 
00 Wy i aie 
ry | 
HTK 
mk | 
ey by | 
srenennenen Is] | "y 
prass= F4 ¢ BOGRE aB j te % j 
izd = 5B. HBR i i 
ira 1.577 GHz | f \ 
ler 3.386 | } \ 
ih 8.813 mm | f i 
is 268.688 mm i Ms \ 
ic 188.880 mm | / Me 
[Tab microstrip | -S8.6L ee 2s ee 
anamnaaameias =o 1.¢ £ GHz 2.86 
Fig 12: Simulation Results In The Range 1 - 2 GHz 


1: 29.336mm 
ws 1.586mm 
S: 4. cinanioial 


: - PARTS : PARTS 
ac “ona3. 56289 .6° ac nae. 56289 .6° 
b oe E5249 . 26298 .7° bec =. 65249 .26296 .7° 


Fig 13: Results For Line Pair "a" Fig 14: Results For Line Pair "b" 


Fig 15: Determining 
The Width Of 50Q 


50 Ohm Lin 
<< a leit 

a & 66.18043 56289 .6? : U U 
e ti 


es 28. 936mm 
we 4. 842i0m 


b c 55.65049.26998.7° file : eee 
58.732 98° dep Se tak a il ca 
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ing....), but the magnetic coupling de- 
creases linearly in this area right down to 
zero. 


For this reason, calculate in only half the 
“OPEN-END-EXTENSION” which 
would otherwise be normal and shorten 
the line correspondingly! 


Apart from this, we now need several 
tools to create the layout: 


a) The well-known, tried and trusted 
diagram for determining the 
OPEN-END-EXTENSION from 
the PUFF manual (Fig. 16). 

b) A simple hand-drawn sketch (Fig. 
17) with the electrical data of the 
individual line pairs already 
determined. Enter the necessary 
corrections. 

c) A printed circuit board CAD 
program, which simultancously 
makes it possible to solve tricky 
construction problems (c.g. 
GEDDY-CAD, tried and trusted 
for such microwave tasks for many 
years). 


Procedure 


Ist step: 


38 


Open-circuil extension, L/h 


a 
The first and fourth line pairs consist of 
two striplines cach with a width of 1.59 
mm. With the help of PUFF we obtain 
the impedance level for the pre-sct 
printed circuit board data: 


The result gives us: Z = 54.6 Q 


So we go to the above diagram lrom the 
PUFF manual. For this task, it supplies 
(with er ~ 3.38) an open-end extension 
Al‘h of approximately 0.45. So these 
section pieces must be reduced by half of 
0.45 x 0.813 mm = 0.18 mm at all open 
ends! 


2nd step: 


At the start and end of the bandpass, the 
50-Q feed is connected up with a width 
of 1.84 mm and turns into the (narrower!) 
stripline with a width of 1.59 mm. So the 
narrower line must be extended by a little 
piece measuring 

(1 1.59 mm/1.84 mm) x 0.45 x 0.813 mm 
= 0.05 mm. 


3rd step: 


The two central line pairs have conductor 
widths of 1.82 mm. The associated im- 
pedance level (according to PUFF) is 
50.4 Q and at er = 3.38 requires an 


Fig 16 Diagram For 
Determining The 
Open End Extension 
From The PUFF 
Manual 
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Figure 7.2 The open-circuit end correction in microstrip, plotted from (7.2). The 


artwork length correction in a parts list should be negative. 
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‘o Bandpass 1575.42MHz 


1.6.2001 \ 


| 
/er=3.38/n=0,813mm/tanc-0,001 °. 


120mm 


Fig 18: The Finished Layout 


OPEN- END correction of 0.48 x 0,813 
mm = 0.39 mm. 


Again, only half of this value, i.e. ap- 


proximately 0.2 mm, needs to be cut off 


from the two ends, 
4th step: 


When the first line pair meets the second 
and the third meets the fourth, there is a 
correction of 


(1 1.59 mm / 1.82 mm) x 0.48 x 0.813 
mm — 0.05 mm. 


The wider line must be shortened and the 
narrower line must be lengthened by this 
amount. 


You should never omit entering all these 
details on a sketch out of laziness. It is an 
obligatory stage in the layout design (Fig. 
17) and you need to take considerable 
trouble just to produce the drawing. But 
this is as nothing in comparison with the 


time and expense which will be wasted if 


the behaviour of the prototype produced 
inexplicably displays big departures from 
the simulation and you laboriously have 
to check every individual dimension on 
the completed printed circuit board. Its 
really very annoying if a gross error in 
the board layout turns out to be the 
reason for this, 


Normally if youve followed all the in- 
structions in this article the divergences 


between the simulation and prototype are 
max. 1 - 2%. 


The finished layout, prepared for incor- 
poration into a milled aluminium trough, 
the internal dimensions of which are30 x 
120 mm, is shown in Fig. 18. 


One more tip for those who dont know 
what to do with the thick 120 mm long 
line under the printed circuit board: we 
need this to assemble the board equip- 
ment, unless there is a_photo-plotier 
available, which can be used to bring us 
back to the correct dimensions by means 
of photography. Only in this way will we 
again find the correct scale and be able to 
handle the manufacturing problem posed 
by the narrow interaction gap for line 
pairs 1 and 4. 


5.5. Use of TRL85 Stripline Calculator 


To determine the data for the incorpora- 
tion of the circuit into a screening hous- 
ing, the “TRL85”. stripline calculator 
from Ansoft is used. 


Ansoft are known for supplying very high 
quality and expensive HF-CAD pro- 
grams, but have always also had their eye 
on instruction and training! So on their 
Homepage on the Internet () we find a 
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student version of the microwave CAD 
package “Screnade” which can be down- 
loaded free. 


Following installation it will be recog- 
nised that a very good stripline calculator 
has been filed in a separate directory as 
“TRL8S.EXE-file” together with cxcel- 
lent ONLINE help. It can be used sepa- 
rately at any time, copied down and 
transferred to other computers. You will 
very soon learn to appreciate its WIN- 
DOWS user interface. 


If we now compare the simulation results 
from “TRL8S” with the values from 
PUFF, we can make the following state- 
ments: 

a) In normal cases, the data 
determined by PUFF and TRL85 
for single and coupled striplines 
are practically identical. 

b) In addition to this, TRL8S5 offers 
the advantage that screening can be 
brought into the simulation in the 
form of the “Cover Height” (the 
distance between the cover and the 
board). 

c) With TRL85 all data which is of 
interest (impedance level, losses, 


VIIF COMMUNICATIONS 4/2001 


broken down into dielectric loss, 
conductor loss and total loss... ete.) 
can be determined directly for a 
specilic design frequency and 
given out. Unfortunately, PUFF 
cant provide for that, as there, 
though you certainly have to carry 
out calculations using these values, 
they are not displayed. 


The “TRL85” program is presented in 
this issue in the section headed “The 
interesting program”. 


In Table 1 below, we now contrast the 
TRLS85 microstrip simulations for opera- 
tion without and with screening. 


A comparison with the values determined 
by PUFF and used in preceding chapters 
shows that it is high time for a printed 
circuit board and correct dimensions. 


Another tip: 


TRL85, unfortunately, wont automati- 
cally apply the OPEN-END correction 
either. So again we have to fall back on 
the use of the diagram from the PUFF 
manual when a line end is hanging in the 
air somewhere. 


Bandpass Specification 


50 Q Microstrip 


Virst Line Pair 
E=89, 1575.42 MHz 
Z,-65Q, Zyj=40.8Q 


Second Line Pair 
£252.72, Zy=47.56Q 
F=90, 1575.42 MHz 


TRLS8S without screening 


Width = 1.84 mm 


Ladder Width = 1.58321 mm 
Spacing = 0.33225 mm 


Length = 29.2968 mm 


Ladder Width = 1.8216 mm 
Spacing = 1.87272 mm 


Length — 29.186 mm 


TRL8S with screening 
Distance = 13mm 


Width — 1.84 mm 


Ladder Width = 1.5769 mm 


Spacing = 0.32877 mm 


Length = 29,3133 mm 


Ladder Width = 1.81525 mm 
Spacing = 1.82327 mm 


Lengih = 29.2009 mm 


Table 1: TRL85 Simulations With and Without Screening 
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6. 
Repetition of design using 
ANSOFT-SERENADE 


6.1. Simulation of ideal electrical 
circuit 


As “SERENADE” is already installed on 
the PC, on account of the “TRLS8S” 
stripline calculator, we can carry out a 
repeat operation and see how such a 
circuit is investigated by this very modern 
program. Naturally, we are interested, 
above all, in what improvements it can 
give us, in terms of ease of operation or 
precision. 


Procedure 


Launch the SERENADE software and 
start a new project (e.g. “BP1575_ 1”). 


Then look for the “ideal coupled line” 
(Fig. 19), position it on the screen four 
times and each time (see preceding chap- 
ter!) enter the EVEN and ODD imped- 
ances, the electrical length of 90 degrees 
and the operating frequency applying for 
this, 1575.42 MHz, in the “Property 
Editor’. When the component is posi- 


tioned, the editor opens automatically. If 


it does not, just double click on the 
left-hand mouse button on the circuit icon 
in the wiring diagram, Our ports are 
connected up at the input and output, but 
thats not enough yet! 


ines (electrical) , 


Fig 19: Toolbar For Serenade 


Aim =|=|=/yie|ml 


i 


Fae 

ca 
The “Harmonica” circuit simulator is the 
problem now that two of the four connce- 
lions have simply remained open for each 
coupled line pair, this is prohibited. 


We could now apply a very high-ohmic 
resistance (c. g, 10 Mega-Ohms) to such 
an open connection. However “ideal line 
pieces working without load at the end 
(Stubs)” are considerably better and have 
lower losses, with an electrical length of 
zero at 1575 MHz and with the imped- 
ance level Z = 50 Q. They cause no 
additional losses. Nor do they alter the 
data for the coupled lines. 


Then the frequency block is re-set and the 
range between | GHz and 2 GHz is 
represented in 1 MHz steps. Rogers 
R04003 material is again used as sub- 
strate, with a thickness of only 32 MIL 
(0.813 mm), as this gives the filter struc- 
ture smaller dimensions. The other data 
are as follows: 


Dielectric constant ep = 3.38 

Metallisation Metl Copper with thickness 35 pm 
Surface roughness RGH = 2 pm 

Loss factor TAND 0.001. 


The entire circuit, as used for simulation, 
is shown in Fig, 20. Even for those who 
dont know the program yet, the compo- 
nents just produced can easily be identi- 
fied. Frequency and substrate control 
blocks certainly need no further explana- 
tion. 


Following a precise check of the circuit, 
the simulation can begin (button with 
gears) and the Report Editor can be 
activated (turquoise / grey button). Se- 


#4 


ideal coupled lines (electrical) 


E ee a 
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Step. Re Die ithe 


Fig 20: Circuit Used For Serenade Simulation 


lect, for example, S11 and S21 in dB 
representation and examine the result 
(Fig. 21). 


The result looks promising and SI! is 
never worse than the intended value in 
the passband 20 dB. 


Use the right-hand mouse button and 
click on “ZOOM IN” repeatedly to bring 
out the precise sequence of $21 in the 
range from 0 to 0.1 dB between 1550 and 
1600 MHz. 


Only in this way can we assess whether 
the design path from the preceding chap- 
ter really supplies the correct values 
desired, 

Fig. 22 shows a perfect and well-formed 
filter curve, 


In practice, both the mean frequency 
(1575 MHz) and the minimum ripple 
value (0.041 dB) are in accordance with 
the design pre-settings. 
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6.2. Simulation of physical circuit 
using HARMONICA 


Apart from simulating the bandpass with 
“electrical components”. HARMONICA 
also offers the option of a structure made 
up of “physical circuits”, This requires 
the conductor width, interaction gap and 
conductor length to be entered. the di- 
mensional unit being “mm”. And these 
values can be obtained only through the 
TRL85 stripline calculator, which can 
even be called up from the operating 
screen by pressing a button. 


Here only the values for the first and 
fourth line pairs (Ze = 65 Q, Zo = 40.8 
Q, E = 90 degrees) need be entered, with 
the track data (copper with 35 jum thick- 
ness and a roughness of 2 um) and the 
printed circuit board and housing data 
(board thickness H = 0.813mm, ER = 
3.38, cover height above board, ITU = 
13mm. TAND = 0.001). 


If you then press the “Synthesis” button, 
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FREO [GHz] 


you obtain a representation correspond- 
ing to Fig. 23, You obtain: 
Conductor width W = 1.58 mm 
Interaction gap width $ = 0.3 mm 
Circuit length P = 29.61 mm 
This procedure is repeated for the second 
and third line pairs (Ze ~ 52.7 Q, Zo 
47.56 Q, E = 90 degrees). 


Then we obtain: 


t 


Fig 21: S11 and S21 
. Curves 


1.30 2 


W = 1.82 mm 
S = 1.82 mm 
P = 29.20. 


It is naturally interesting to compare this 
with PUFF, although it should be remem- 
bered that the part involving the housing 
and the distance of 13 mm between the 
board and the cover is not included in this 
calculation! 


Moreover, for simulation using PUFF, 


Fig 22: Cloese Up 
Of S21 Curve 
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the electrical length for the first and last 
line pairs is presumed to be 89 degrees, 
whereas for SERENADE it is 90 degrees. 
The uncorrected PUFF values are as 
follows: 
Line pairs | + 4: 
W = 1.58 mm 
S = 0.3lmm 
Line uongte.F : ~ 
Line pairs 2s 
ies 1.82 mm 
S = 1.84 mm 
Line length P = 29.15 mm: 


It can be seen that the differences be- 
tween the two simulations are not so 
devastating that one of them immediately 
appears as completely unusable. 


29.34 mm; 


Frond: ES Se, 
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Hier drucken! 


3 ~ feasee}| 


| —Lsiterbahn. 


Daten 


But let us simulate the bandpass with the 


“physical TRL85 values” again, consider 


the result and ponder on: 

a) where the differences with the 
simulation using PUFF come from 
and 

b) how can we arrive at the correct 
values. 


lo do this, though, we must draw a new 
circuit diagram, and first we must delete 
the old one completely. 


Even when we create the new circuit 
diagram, things move forward splendidly. 
The coupled line pair is actually there 
with the two open ends as a completed 
component (Fig. 24). This naturally 
makes the work considerably casier. 


g 24: Component 


=i [= ci. sl. le.) 4 [alae Kor Coupled Line 


Pair With Open 
Ends 


Gekoppeltes Pieewiin Deliensoavaen 


mit offenen Enden 
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Fig 25: Revised Circuit 


The screen operates ina much tidier way. 
even when the necessary data are entered 
(Fig, 25). 

This is how the S-parameters look after 
simulation using HARMONICA. (lig. 
26). 


If we zoom into the representation of the 


0.00. 


$21 in dB 


S11 in dB. 


passband (Fig. 27), then several points 
strike us: 

a) The lowest transmission loss is 
predicted to be similar by both 
programmes (PUFF: approximately 
2.5 dB, HARMONICA approxi- 
mately 2.8 dB). 


Kig 26: S Param- 
eters From 

| Harmonica 

| Simulation 
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Fig 27: Close Up of 


Re ES OSS Nae SZ Curve 


i 


$21 = -2,8 dB. 
bei ca. 1548 MHz 
us se 20 | 


b) The mean frequency of the 
passband according to the 
HARMONICA simulation reveals 
a divergence of 30 MHz 
(approximately 2 %) and is clearly 
too low. The program therefore 
does not make automatic 
OPEN-END corrections! 


Luckily, if we use Ansoft, we dont need 
to carry out the same actions on the 
diagram as are listed in the PUFF manual 
to make corrections here we have some- 
thing which is extremely useful. 


What we actually do is to take specific 
values for the line pair through variables, 
pre-set maximum and minimum values 
for the S-parameters at specific frequen- 
cies, and then let the optimiser do the job 
of reconciling all these wishes. 


Here we have the following steps: 
Ist step: 


In the first and fourth line pairs, the 
physical length, P, is replaced by a 
variable, Pl. We correspondingly use 
variable P2 for the second and third line 
pairs (Fig. 28). 


2nd step: 
Call up a “variable control block” (Menu 
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path: “Parts‘Control Blocks/Variables”) 
and enter the permissible variation range 
for Pl and P2 between question marks. In 
the middle is the original initial value 
(Fig. 29). 


3rd step: 


We now have to formulate the optimisa- 
tion goals. There is an original button for 
this, in the form of a yellow and red 
practice target. In the student version 
only a maximum of 3 optimisation goals 
are permissible, but this should just be 
cnough at first. 


The optimisation goals here are: 
a) In the “Frange!” range, from 1.55 


to 1.6 GHz, S21 should not fall 
below 3.3 dB (Goal!) 


b) In the “Frange2” range, S11 
should be lower than 20 dB 
(Goal2) (Fig. 30). 


4th step: 


Only now should you press the “Optimi- 
sation” button, The program normally 
indicates that it must first analyse the 
circuil, and asks for permission to do this. 
Grant it permission and also finally give 
il precise instructions in connection with 
the number of optimisation searches, the 
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Fig 28: Variables P1 and P2 


representation, etc. (Fig. 31). 
Sth step: 
Now please follow the sequence exactly: 

1) Pre-set, for example,. 2000 
searches; 

2) Select “RANDOM” as optimisa- 
tion type: 

3) This tick has to go; 

4) Now press “Optimise” and wait 
until the program has found the 
best approximation to the 
pre-settings. 

5) Now start another circuit analysis, 
as this is the only way to update 
the results diagram. 

6) Now close this menu and obtain 
the diagrams with S11 and / or S21 
in the foreground (Fig. 32). 


The assessment can be found in Fig. 33, 
and the result looks very satisfactory. 
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Fig 29: Entry Of Variables P1 and P2 


<a 
The data within the passband have 


changed in accordance with Fig. 34; the 
result is useable. 


The only question remaining is: where 
have the accompanying new circuit data 
got to, with which the optimiscr has 
produced the curves above? 


Its very simple: youll find them in the 
variable block instead of the initial values 
(Fig. 35)! 


Finally, assemble all data for the layout 
preparation in accordance with “AN- 
SOFTs physical variants”. 
First and fourth line pairs: 
Conductor width W = 1.58 mm 
Interaction gap S ~ 0.33 mm 
Line length P = 29.04 mm 
Second and third line pairs: 
Conductor width W = 1.82 mm 
Interaction gap S = 1.82 mm 
Line length P = 28.80 mm 


Now only one question remains: “Which 
of the two programs is really right”? 


Theres only one way to find the answer to 
this question: produce another printed 
circuit board with just these dimensions, 
measure it under exactly the same condi- 
tions as for the “PUFF product” using the 
network analyser, and then cold-blood- 


Gools!:4S21 -3,3dB GT 
Goals2:MS11 -2@4dB LT 


Fig 30: Goals For Optimisation 
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Fig 31: Starting Optimisation 


edly analyse the results and compare 
them. 
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Fig 34: Simulation 
— Results 
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Software, manuals and tutorial are com- 
bined on an “ANSOFT-CD” and can be 
obtained from the author, provided the 
costs are reimbursed. Please E-mail me 
at: krausg@elektronikschule.de. 


Fig 35: New Circuit 
Data 
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